Simple sequence repeat (SSR) markers are useful and popular tools for population genetic studies and conservation management of biological resources; they also have appeal to phylogeographers and landscape geneticists as a nuclear complement to chloroplast DNA (cpDNA). The aim of this study was to develop SSR markers derived from expressed sequence tags (ESTs) to analyze effects of historical events on genetic structure, population differentiation, and diversity of natural populations of C. speciosa and to provide useful information for design of conservation strategies in Callerya species.
METHODS AND RESULTS
Samples of C. speciosa collected from four sites (Nanfeng: 19.40431 ° N, 109.62747 ° E; Jiangbian: 18.82390 ° N, 109.33491 ° E; Dinghushan: 23.17085 ° N, 112.53962 ° E; Xuwen: 20.41562 ° N, 110 .23157 ° E) were cultivated at the nursery of the Tropical Crops Genetic Resources Institute (TCGRI, Chinese Academy of Tropical Agricultural Science), Hainan, China. Voucher specimens of every sampled population were deposited in the herbarium of TCGRI (Appendix 1). Total RNA was extracted from the roots of one individual of C. speciosa from the Nanfeng population using the cetyltrimethylammonium bromide (CTAB) method ( Le Provost et al., 2007 ) • Premise of the study: The fi rst microsatellite primers were developed for Callerya speciosa , an important traditional medicinal plant with island-mainland distributions in China, to further investigate its genetic variability and population structure. • Methods and Results: The microsatellite-containing sequences were selected from a cDNA library of C. speciosa . In total, 58 primer pairs were designed, and 25 of the corresponding loci showed clear amplifi cation. Polymorphisms were assessed in two different natural populations. The mean number of alleles per locus ranged from two to nine. Observed and expected heterozygosity per loci ranged from 0.067 to 0.938 and 0.064 to 0.836, respectively. One out of 25 loci showed departure from Hardy-Weinberg equilibrium expectations in both populations, and three pairs of loci showed signifi cant linkage disequilibrium after Bonferroni correction. • Conclusions: These microsatellite markers will be useful tools for genetic and conservation studies and to understand the evolutionary processes in Callerya species.
Key words: Callerya speciosa ; conservation; EST-SSR; island-mainland distributions; Millettieae; population genetics. (results as shown in Table 1 ) . In total, 58 sequences had a microsatellite insert with a dinucleotide of at least seven repeat units or a tetra-or trinucleotide of at least fi ve repeat units, were chosen using the Simple Sequence Repeat Identification Tool (SSRIT; http://www.gramene.org/db/searches/ssrtool) ( Temnykh et al., 2001 ) , and the primer pairs were designed based on the fl anking sequences of the microsatellite loci using Primer3 software ( Rozen and Skaletsky, 2000 ) .
The genomic DNA of all individuals of C. speciosa from every sampled population was extracted using a DNeasy plant DNA isolation kit (QIAGEN, Hilden, Germany). For each primer pair, two samples were amplifi ed and their amplifi cation products run on 2% agarose gels. PCR amplifi cations were performed in a 10-μ L reaction containing 10 mM Tris-HCl (pH 8.4), 50 mM (NH 4 ) 2 SO 4 , 1.5 mM MgCl 2 , 0.2 mM dNTPs, 0.25 μ M of each primer, 1.0 U of Taq polymerase (TaKaRa Biotechnology Co.), and 50 ng of genomic DNA. Amplifi cations were performed as follows: 94 ° C for 5 min, 35 cycles of denaturation for 50 s at 94 ° C, annealing for 50 s at 57 ° C, extension for 90 s at 72 ° C, and a fi nal extension at 72 ° C for 10 min. For primers that showed single locus amplifi cation patterns, polymorphisms were evaluated using DNA of four individuals from four different sampled populations of C. speciosa , by PCR carried out according to the protocol described above. The amplifi ed products were screened on a 6% polyacrylamide denaturing gel and visualized by silver staining. A 10-bp DNA ladder (Promega Corporation, Madison, Wisconsin, USA) was used to identify alleles. Results showed that 44 (excluding three with PCR product sizes considerably larger than expected) of the 58 primer pairs were amplifi ed successfully. Among these loci, 25 were polymorphic with a clear fragment pattern, 11 had multibanding patterns, and the other eight were monomorphic. The 25 loci ( Table 1 ) that yielded clear chromatograms and polymorphisms were further screened for their suitability using 50 individuals from Nanfeng (Hainan Island) and Dinghushan (Chinese mainland) ( N = 25 for each population). The degree of polymorphism, including the number of alleles ( A ), observed heterozygosity ( H o ), expected heterozygosity ( H e ), and fi xation index ( F IS ), was calculated for each locus and population using GenAlEx version 6 ( Peakall and Smouse, 2006 ) . Tests for Hardy-Weinberg equilibrium (HWE) and linkage disequilibrium (LD) after Bonferroni correction were performed using GENEPOP version 4 ( Rousset, 2008 ) .
All of the polymorphism results are summarized in Table 2 . The mean number of alleles per locus was 4.4 (range: 2-9) and 3.6 (range: 2-5) for the Nanfeng and Dinghushan populations, respectively. The observed heterozygosity ranged from 0.067 to 0.938 (average: 0.575) in the Nanfeng population and from 0.077 to 0.875 (average: 0.511) in the Dinghushan population. The expected heterozygosity ranged from 0.064 to 0.836 (average: 0.597) in the Nanfeng population and from 0.117 to 0.744 (average: 0.497) in the Dinghushan population. Only for one locus (Ndl_004), the observed proportions showed signifi cant deviation from those expected under HWE ( P < 0.05) in both populations. Signifi cant linkage disequilibrium was found in three pairs of loci (Ndl_010 and Ndl_020, Ndl_011 and Ndl_022, and Ndl_017 and Ndl_031) across both populations after Bonferroni correction ( P < 0.0001).
CONCLUSIONS
The 25 microsatellite loci presented here are the fi rst set of SSR markers for the genus Callerya , and should provide a useful tool for genetic diversity studies and conservation of genetic resources. These EST-SSR markers may also be applied to taxonomy, phylogeography, cultivar identifi cation, and molecularassisted selection in breeding programs of C. speciosa .
